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RESUMO 
Candidíase oral (CO) é uma doença infecciosa causada por microrganismos do 
gênero Cândida e que tem por característica a presença de lesões na cavidade 
bucal. Seu tratamento consiste na administração de antifúngicos tópicos ou 
sistêmicos, os quais podem ter sua efetividade comprometida em virtude da baixa 
adesão ao tratamento causada por seus efeitos adversos, o que evidencia a 
necessidade de novas alternativas de tratamento capazes de tratar tal infecção e 
evitar os efeitos colaterais do tratamento atual. Nesse cenário, surge o óleo de rã-
touro, um óleo animal composto por um conjunto de ácidos graxos saturados e 
insaturados, e que já demonstrou em estudos anteriores ser uma potencial matéria-
prima antifúngica. Assim, o objetivo deste trabalho foi produzir um sistema 
emulsionado com características mucoadesivas capaz de veicular o óleo de rã-touro 
na cavidade bucal para tratar a CO. A emulsão foi produzida e caracterizada por 
inspeção visual, tamanho hidrodinâmico de gotícula, índice de polidispersão (PdI) e 
por potencial zeta e sua estabilidade foi avaliada por um período de 60 dias. Além 
disso, as características mucoadesivas foram avaliadas in vitro através de um 
modelo de mucina. A atividade antifúngica foi investigada por ensaio de 
microdiluição em caldo e a biocompatibilidade frente à eritrócitos humanos também 
foi avaliada. A emulsão apresentou tamanho de gotícula de 320,79 ± 35,60 nm, PdI 
de 0,49 ± 0,08 e potencial zeta de -38,53 ± 6,23 mV, que não apresentaram 
alterações significativas ao longo de 60 dias. As propriedades mucoadesivas do 
sistema foram melhoradas pelo uso de excipientes farmacêuticos e a atividade 
antifúngica evidenciou que o óleo de rã-touro e a emulsão foram capazes de inibir o 
crescimento de diferentes espécies de Cândida. Além disso, a emulsão não mostrou 
efeito hemolítico significativo. Finalmente, o sistema apresentou características 
físico-químicas e biocompatibilidade adequadas, com considerável atividade 
antifúngica in vitro, sugerindo que essa emulsão pode ser mais amplamente 
investigada para o tratamento da CO. 
 
Palavras-chave: atividade antifúngica; biocompatibilidade; emulsão bucal; óleo de 
rã-touro; propriedades mucoadesivas.  
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ABSTRACT 
Oral candidiasis (OC) is an infectious disease caused by microorganisms of the 
genus Candida, leading to lesions in the buccal cavity. Its treatment consists on the 
administration of topical or systemic antifungal agents, which may compromise the 
patient compliance due to its side effects, highlighting the need for alternatives of 
treatments able to remove this infection and to avoid the side effects of the current 
treatment. In this scenario, the bullfrog oil, an animal oil composed by a pool of 
saturated and unsaturated fatty acids, is introduced as a potential antifungal raw 
material. Thus, the aim of this work was to produce a mucoadhesive emulsified 
system able to deliver the bullfrog oil in the buccal cavity to treat the OC. The 
emulsion was produced and characterized by visual inspection, droplet size, 
polydispersity index (PdI) and zeta potential and its stability was assayed over 60 
days. In addition, its mucoadhesive ability was evaluated using an in vitro mucin 
model. The antifungal activity by broth microdilution assay and biocompatibility 
against human erythrocytes were also performed. The emulsion showed droplet size 
of 320.79 ± 35.60 nm, PdI of 0.49 ± 0.08 and zeta potential of -38.53 ± 6.23 mV, 
which showed no significant changes over 60 days. The mucoadhesive properties of 
the system were improved by the use of pharmaceutical excipients and the antifungal 
activity showed that the bullfrog oil and the emulsion were able to inhibit the growth of 
different Candida species. Furthermore, the emulsion showed no significant 
hemolytic effect. Overall, the system showed suitable physicochemical characteristics 
and biocompatibility, with substantial in vitro antifungal activity, suggesting that this 
emulsion can be further investigated for OC treatment. 
 
Keywords: antifungal activity; buccal emulsion; bullfrog oil; biocompatibility; 
mucoadhesivity. 
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1 INTRODUÇÃO 
Infecções orais fazem parte de um grupo de doenças amplamente difundidas 
que, embora sejam frequentes em crianças e idosos, acometem indivíduos de todas 
as idades e classes socioeconômicas. Em geral, são desencadeadas por 
microorganismos comensais que podem se tornar patogênicos devido à higiene 
bucal inadequada, trauma bucal, ou principalmente quando a imunidade do paciente 
está comprometida [1]. Além disso, a cavidade bucal é um dos locais do corpo 
humano mais propensos à infecções, visto que oferece excelentes condições para o 
crescimento de microrganismos, tais como pH e temperatura adequados, alta 
umidade, substratos e enzimas hidrolíticas como, por exemplo, proteases, 
fosfolipases e hemolisinas, capazes de promover a clivagem dos alimentos, 
liberando glicose livre para o microrganismo e assim, contribuindo para o rápido 
desenvolvimento dessas infecções [2,3].  
Entre as infecções orais, a candidíase oral (CO) representa a infecção fúngica 
bucal mais frequente, a qual ocorre devido o crescimento exacerbado de diferentes 
espécies patogênicas de Cândida. Sabe-se que na natureza existem mais de 150 
diferentes tipos dessa espécie fúngica, no entanto, apenas cerca de 20 subtipos 
podem provocar doenças nos seres humanos, dentre as quais é possível citar a 
Candida albicans, C. glabrata, C. parapsilosis e C. tropicalis, sendo responsáveis por 
30 a 45% das infecções fúngicas orais na população adulta em geral [4,5]. A 
patogenicidade dessas espécies é atribuída a fatores de virulência que promovem a 
adesão às células hospedeiras, afetando a mucosa bucal queratinizada e próteses 
orais, com possível formação de biofilme nos tecidos do hospedeiro ou dispositivos 
médicos/odontológicos, contribuindo assim para o surgimento da infecção [6]. Esses 
fatores de virulência também permitem ao microrganismo escapar dos mecanismos 
de defesa do hospedeiro como o arraste pelo fluxo salivar, assim como contribuem 
para a redução na capacidade de penetração de agentes antimicrobianos [6], 
possibilitando ao fungo uma maior capacidade de invadir o tecido colonizado e 
assim, promover dano na mucosa oral [6,7].  
Desta forma, de acordo com os aspectos clínicos (presença ou ausência de 
células epiteliais descamadas, queilite angular, eritema gengival e presença de 
material necrótico) é possível classificar a CO como (i) pseudomembranosa, 
caracterizada por lesões esbranquiçadas, mau hálito e candidíase hiperplásica, 
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sendo o tipo mais comum de CO, ou (ii) eritematosa, na qual são observadas lesões 
avermelhadas e candidíase atrófica, a qual pode ser aguda ou crônica, como pode 
ser observado na figura 1 [4,8].  
 
Figura 1: Lesões bucais características da candidíase oral. A: candidíase oral 
pseudomembranosa; B: candidíase oral eritematosa. 
 
Fonte: Patil, S. et al. 2015 
 
De modo geral, o tratamento da CO consiste na eliminação dos fatores de 
predisposição identificados a partir da análise dos aspectos clínicos e das 
características do microrganismo identificado. Assim, é possível realizar o tratamento 
da CO através do aprimoramento da higiene bucal, no entanto, em casos mais 
extensos é recomendado o uso de antifúngicos tópicos e/ou sistêmicos [9]. Assim, a 
limpeza regular dos dentes, da cavidade bucal e das próteses, com colutórios 
antissépticos contendo clorexidina ou hexetidina consiste em uma estratégia eficaz 
para reduzir a carga de Candida spp na cavidade oral e tratar a CO [5,10]. 
Adicionalmente, o uso de antifúngicos tópicos ou sistêmicos, como nistatina, 
miconazol, clotrimazol, fluconazol, itraconazol, flucisteína e equinocandinas 
representam outra importante estratégia de tratamento para a CO, principalmente 
quando a imunidade do paciente é um aspecto relevante a ser considerado [4,5,8]. 
Neste contexto, é necessário ressaltar que as estratégias terapêuticas 
atualmente disponíveis são bastante eficazes no tratamento das infecções orais 
causadas por microrganismos do gênero Candida, visto que são capazes de 
promover a diminuição ou remoção completa de cepas fúngicas patogênicas na 
cavidade oral. No entanto, esses tratamentos medicamentosos também são 
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responsáveis por promover efeitos adversos que variam desde a descoloração dos 
dentes e da língua (clorexidina) até mesmo a nefrotoxicidade, hepatotoxicidade, 
poliúria, erupções cutâneas, acne, náuseas, dor torácica e distúrbios gastrintestinais 
(antifúngicos tópicos e sistêmicos), o que compromete, desta forma, a adesão ao 
tratamento e a qualidade de vida do paciente [5,8,9]. 
Assim, com base na alta prevalência de infecções por Cândida spp. na 
cavidade bucal e nos efeitos adversos relacionados ao seu atual tratamento, torna-
se evidente a necessidade de novas alternativas de tratamento efetivos e seguros 
para esse tipo de infecção, especialmente para lesões primárias ou não extensas de 
CO, contribuindo para uma melhor a adesão por parte do paciente assim como para 
aprimorar o  arsenal terapêutico contra a CO [11]. 
Nesse contexto, estudos que avaliaram a atividade antifúngica de produtos 
naturais, como extratos vegetais e óleos naturais, evidenciaram que esses são 
capazes de inibir o crescimento de Candida spp. [5,11], sugerindo o potencial uso de 
produtos naturais no tratamento da CO. Entre esses produtos, destaca-se o óleo de 
rã-touro, um óleo animal extraído através reutilização biotecnológica do tecido 
adiposo do anfíbio Rana catesbeiana Shaw e que apresenta em sua composição 
química uma mistura de ácidos graxos saturados e insaturados, dentre os quais se 
destacam o ácido palmítico (18,1 %), esteárico (4,1 %), mirístico (2,7 %), oleico (31,7 
%) e linoleico (12,9 %), permitindo sugerir que essa composição seja responsável 
por sua potencial atividade antimicrobiana e antibiofilme deste óleo [12-14]. 
Adicionalmente, estudos demonstram e relataram que este óleo, em virtude 
de sua composição química, apresenta biocompatibilidade e biodegradabilidade, 
assim como menor toxicidade e processo de obtenção mais sustentável em 
comparação com óleos sintéticos [13]. No entanto, o uso do óleo de rã-touro em sua 
forma in natura representa uma de suas principais desvantagens, visto que o mesmo 
apresenta características organolépticas desagradáveis, as quais podem 
comprometer seu uso como um potencial produto terapêutico e levar a uma baixa 
adesão ao tratamento por parte do paciente [12,13].  
Neste contexto, é importante a busca pelo aprimoramento dos aspectos 
desfavoráveis apresentados pelo óleo de rã-touro, o desenvolvimento de um sistema 
emulsionado que veicule este óleo, permitindo sua aderência à mucosa bucal, surge 
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como uma abordagem tecnológica capaz de possibilitar o seu uso para o tratamento 
da CO. Estes sistemas dispersos são tidos como uma das principais estratégias no 
que tange a veiculação de compostos lipofílicos, visto que as emulsões possuem em 
sua composição uma fase dispersa e outra dispersante, sendo uma aquosa e outra 
oleosa, ditas, portanto, imiscíveis, as quais são estabilizadas por uma mistura de 
tensoativos [15], permitindo a internalização e veiculação do óleo de rã-touro. 
Adicionalmente, o uso de excipientes farmacêuticos, pode ainda aumentar a 
aderência desse sistema na mucosa bucal, permitindo o contato das gotículas de 
óleo com os microrganismos da cavidade oral, possibilitando sua atividade 
antimicrobiana ou antifúngica, além disso, devido ao fato do óleo de rã-touro estar 
internalizado, é possível ainda mascarar as características organolépticas 
indesejáveis apresentadas por este óleo [16]. 
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2 OBJETIVOS 
2.1 Objetivo Geral 
O objetivo geral deste trabalho foi produzir e caracterizar um sistema 
emulsionado mucoadesivo à base de óleo de rã-touro para administração bucal. 
2.2 Objetivos Específicos 
 Reproduzir um sistema emulsionado para administração bucal contendo óleo de 
rã-touro; 
 Realizar a caracterização físico-química deste sistema através da determinação 
do tamanho hidrodinâmico de gotícula, índice de polidispersão e potencial zeta; 
 Acompanhar a estabilidade deste sistema durante 60 dias através de inspeção 
visual e características físico-químicas; 
 Determinar a viscosidade da emulsão bucal de óleo de rã-touro; 
 Avaliar as propriedades mucoadesivas desta emulsão;  
 Realizar a avaliação da atividade antifúngica in vitro contra Candida spp.; 
 Avaliar a biocompatibilidade in vitro deste sistema frente à uma linhagem celular 
de eritrócitos humanos por meio da determinação do potencial hemolítico. 
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3 JUSTIFICATIVA 
A candidíase oral (CO) é uma das infecções mais comuns na cavidade oral e 
que pode acometer indivíduos em qualquer faixa etária, sendo prevalente em 
crianças, idosos e em pacientes imunocomprometidos. Seu agente etiológico é o 
fungo do gênero Cândida, dentre o qual se destaca a espécie Cândida albicans 
como a principal responsável pela CO. Essa infecção é ocasionada por hábitos 
higiênicos orais inadequados ou mesmo por imunossupressão, fatores que 
favorecem o desequilíbrio da microbiota bucal e contribuem para o desenvolvimento 
da infecção, a qual é caracterizada por lesões na mucosa bucal e proliferação 
excessiva do microrganismo responsável pela infecção.  
Assim, baseado na sua elevada incidência assim como nas características 
clínicas da CO, o principal desafio relacionado ao manejo dessa infecção ainda é o 
seu tratamento, não pela falta ou dificuldade de acesso aos medicamentos capazes 
de eliminar tal infecção, mas sim devido à alta incidência de efeitos adversos 
causados pelos medicamentos atualmente utilizados (antifúngicos tópicos ou 
sistêmicos), o que compromete a adesão ao tratamento e, consequentemente, sua 
eficácia. Desta forma, é evidente a necessidade de tratamentos alternativos que não 
apenas permitam a eliminação do microrganismo responsável pela infecção, mas 
que também evite ou diminua a ocorrência de efeitos adversos causados pelas 
terapias atuais disponíveis.  
Neste cenário, os produtos naturais ganham destaque, uma vez que os 
mesmos possuem uma maior biocompatibilidade e efeitos adversos reduzidos e 
menor gravidade, o que torna tais produtos uma atrativa fonte de compostos com 
potencial atividade terapêutica. Adicionalmente, o delineamento de estratégias 
tecnológicas no âmbito farmacêutico que permitam a veiculação de produtos 
naturais como potenciais compostos terapêuticos têm se mostrado eficaz no 
desenvolvimento de novos tratamentos alternativos contra as mais diversas 
doenças, dentre as quais pode-se citar as infecções fúngicas, como a CO. 
Baseado nisto, este trabalho propõe o desenvolvimento de um sistema 
terapêutico para veicular o óleo de rã-touro, um potencial produto natural com 
atividade antifúngica e biocompatibilidade já relatada, e que seja capaz de ser 
administrado na cavidade bucal e aderir na mucosa oral, permitindo assim que esse 
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óleo atue contra as cepas patogênicas responsáveis pela CO, contribuindo assim 
para o progresso no desenvolvimento de novos tratamentos alternativos para a CO. 
Para isso, foi desenvolvido e caracterizado um sistema emulsionado contendo o óleo 
de rã-touro, o qual teve a sua capacidade mucoadesiva, atividade antifúngica e 
biocompatibilidade avaliada por ensaios in vitro. 
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4 MATERIAIS E MÉTODOS 
4.1 Materiais 
4.1.1 Químicos 
O óleo de rã-touro foi adquirido da Asmarana Produtos Naturais (Natal, RN, 
Brasil). Hidróxido de sódio (NaOH), dimetilsulfóxido (DMSO), hidróxido de potássio 
(KOH), dietil-éter, ácido clorídrico (HCl), Tween® 20, tiossulfato de sódio e carbonato 
de sódio foram comprados da VETEC (Rio de Janeiro, RJ, Brasil). Miglyol® 812 foi 
obtido da Sasol (Witen, Alemanha). Butilhidroxitolueno (BHT), butilhidroxianisol 
(BHA), biftalato de potássio, dicromato de potássio e solução de Wijs foram obtidos 
da Labsynth (São Paulo, SP, Brasil). Ácido acético, etanol PA, bicarbonato de sódio, 
iodeto de potássio e clorofórmio foram adquiridos da Isofar (Rio de Janeiro, RJ, 
Brasil). Sucralose, flavorisante de tutti-frutti e acessulfame K foram comprados da 
Valdequímica (São Paulo, SP, Brasil). Goma xantana, benzoato de sódio e 
propilparabeno foram obtidos da ViaFarma (São Paulo, SP, Brasil). Fenolftaleína 
alcoólica foi comprada na Biotec Chemicals (Londrina, PA, Brasil). Mucina Tipo II 
(Mucina de estômago de porco) e Span® 80 foram obtidos da Sigma-Aldrich (São 
Paulo, SP, Brasil).  
 
4.1.2 Biológicos  
As cepas de Candida spp utilizadas durante os experimentos foram Cândida 
albicans ATCC 90029, Cândida dubliniensis CBS 7987, Cândida glabrata ATCC 
2001, Cândida parapsilosis ATCC 22019, Cândida metapsilosis ATCC 96143, 
Cândida ortopsilosis ATCC 96139 e Cândida tropicalis ATCC 13803, gentilmente 
doadas pela coleção de cultura do Laboratório de Micologia Médica e Molecular 
(LMM) da Universidade Federal do Rio Grande do Norte (UFRN) (Natal, RN, Brasil). 
As amostras de sangue foram obtidas através de doação do Hemocentro Dalton 
Cunha (Natal, RN, Brasil). 
 
4.2 Métodos 
20 
 
 20 
 
4.2.1 Caracterização físico-química do óleo de rã-touro  
Os ensaios físico-químicos das amostras de óleo de rã-touro foram realizadas de 
acordo com a farmacopéia norte-americana (USP 35) [17]  e com a American Oil 
Chemistry Society [18] para a determinação do índices de peróxido (IP), índice de 
acidez (IA), índice de iodo (II) e índice de saponificação (IS).  
O IP foi determinado utilizando 0,5 g de óleo de rã-touro dissolvido em 3 mL de 
uma solução de ácido acético:clorofórmio (3:2 v/v) e 1 mL de uma solução saturada 
de iodeto de potássio. Após total dissolução, foram adicionados 3 mL de água 
purificada e então ocorreu a titulação com tiossulfato de sódio à 0,01 N, utilizando 
amido como indicador.  
O IA foi determinado pela titulação de 0,5 g de óleo de rã-touro solubilizado em 
2,5 mL de uma solução de álcool-éter (1:1 v/v) com hidróxido de sódio (0,1 N) como 
titulante e fenolftaleína alcoólica como indicador.  
Adicionalmente, o II foi determinado pela titulação de 0,2 g de óleo de rã-touro, 8 
mL de clorofórmio e 20 mL de solução de Wijs. Essa mistura foi mantida protegida 
da luz durante 30 min e então 30 mL de iodeto de potássio à 15 % e 80 mL de água 
foram adicionados para titulação com tiossulfato de sódio (0,1 N) e amido como 
indicador.  
O IS foi determinado utilizando-se 1 g de óleo de rã-touro e 25 mL de uma 
solução alcoólica de hidróxido de potássio (0,5 N). Esta mistura foi titulada com 
ácido clorídrico (0,5 N) utilizando fenolftaleína alcoólica 1% como indicador.  
 
4.2.2 Produção da emulsão bucal contendo óleo de rã-touro 
A emulsão bucal de óleo de rã-touro (EBR) (Tabela 1) foi preparada através 
da técnica de inversão de fases [19]. Sua composição foi baseada em um estudo 
prévio realizado pelo nosso grupo de pesquisa [20]. Inicialmente, a fase aquosa e a 
fase oleosa foram aquecidas separadamente à 70 °C e então a fase aquosa foi 
vertida sobre a fase oleosa sob agitação constante à 11.000 rpm durante 10 min 
utilizando-se um Ultra-Turrax® T-18 (IKA, Staufen, Alemanha).  
Adicionalmente, duas emulsões brancas, sendo (i) uma contendo apenas a 
mistura básica para formação do sistema emulsionado (água, óleo de rã-touro e 
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tensoativos) (EB) e (ii) outra contendo todos excipientes, exceto o óleo de rã-touro, o 
qual foi substituído por um óleo mineral inerte (EBM) (Mygliol® 812, um óleo 
composto por uma mistura de triglicerídeos de cadeia média), utilizando-se a mesma 
metodologia de produção, foram também produzidas. Esta primeira com a finalidade 
de verificar a influência dos excipientes nos estudos de mucoadesividade in vitro e a 
segunda para avaliar a atividade terapêutica ou tóxica do sistema emulsionado na 
presença e ausência do bioativo (óleo de rã-touro). A emulsão branca foi composta 
pelo óleo de rã-touro (14 %), água destilada (80 %) e uma mistura de tensoativos 
(Tween® 20 e Span® 80 na proporção de 1.72:1 p/p) (6 %).  
 
Tabela 1 – Composição da emulsão bucal e emulsão contendo o óleo inerte. 
 
Excipientes % (p/p) Função 
Fase aquosa 
Butilhidroxianisol  0,01 Antioxidante 
Sucralose 0,10 Edulcorante 
Flavorizante de tutti-frutti 0,10 Flavorizante 
Benzoato de sódio 0,20 Conservante 
Goma xantana 0,30 Agente estabilizante 
Acessulfame k 0,40 Edulcorante 
Tween® 20 3,80 Tensoativo 
Propilenoglicol 5,00 Umectante 
Água destilada 73,87 Agente dispersante 
Fase oleosa 
Butilhidroxitolueno 0,01 Antioxidante 
Propilparabeno 0,02 Conservante 
Span® 80 2,20 Tensoativo 
Óleo de rã-touro / Miglyol® 812 14,00 Óleo 
p/p (peso por peso) 
 
4.2.3 Caracterização da emulsão bucal contendo óleo de rã-touro 
O estudo de caracterização das emulsões foi realizado 24 horas após a 
produção dos sistemas e sua estabilidade avaliada durante um período de 60 dias.   
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4.2.4 Aspectos macroscópicos 
As características organolépticas (cor e odor) a o aspecto macroscópico dos 
sistemas foram analisadas por inspeção visual com o objetivo de verificar a presença 
de mudanças sensoriais e fenômenos de instabilidades macroscópicos tais como 
cremagem e separação de fases. As condições do teste incluíram acondicionamento 
em tubo transparente e temperatura de 25 ± 2 °C.  
 
4.2.5 Avaliação de pH e condutividade elétrica 
O pH e a condutividade elétrica foram analisados em triplicata à 25 ± 2 °C, 
utilizando-se um pH-metro Tecnal pH-meter modelo TEC-2 (Piracicaba, SP, Brasil) e 
um condutivímetro Digimed modelo DM-32 (São Paulo, SP, Brasil).   
 
4.2.6 Determinação de tamanho hidrodinâmico de gotícula e potencial zeta 
A determinação do tamanho hidrodinâmico de gotícula foi realizado em 
triplicata através da técnica de espalhamento dinâmico de luz utilizando-se um 
ZetaSize NanoZS (Malvern Instruments, Malvern, Reino Unido) à 25 °C e ângulo 
fixado em 173°. As amostras foram previamente diluídas (1:200 v/v) em água 
purificada conforme estudo de diluição (dados não apresentados). Adicionalmente, o 
potencial zeta foi analisado através da mobilidade eletroforética utilizando o ZetaSize 
NanoZS à 25 °C. Com o intuito de manter a constante iônica, as amostras foram 
diluídas (1:200 v/v) em solução de cloreto de sódio à 0,1 mM e as medidas foram 
realizadas em triplicata.  
 
4.2.7 Determinação da viscosidade 
A avaliação da viscosidade da emulsão bucal a base de óleo de rã-touro foi 
realizada em triplicata à 25 ± 2 °C utilizando-se um reômetro do tipo cone e placa 
(Brookfield, modelo RV-III, EUA) equipado com um spindle CP 42. As amostras (1 g) 
foram colocadas no spindle e a viscosidade foi determinada sob rotação progressiva 
entre 35 – 60 rpm com intervalo de 5 rpm. A rotação foi mantida durante 10 
segundos em cada velocidade e os dados de taxa de cisalhamento, estresse e 
viscosidade foram analisados através do software Rheocalc V 3.01. 
23 
 
 23 
 
 
4.2.8 Estudos de mucoadesão in vitro  
4.2.8.1 Capacidade mucoadesiva 
As propriedades mucoadesivas das EBR e da EB foram realizadas de acordo 
com a metodologia de teste de mucoadesão utilizando-se um texturômetro (TA.XT 
Plus Texture Analyzer, Hamilton, MA, EUA) [21].  
Inicialmente, discos de mucina foram preparados como o modelo de 
membrana a ser utilizado no teste através de compressão manual em uma 
compressora Korsh modelo EK-0 (KORSH America Inc., South Easton, MA, EUA) 
(punção de 12 mm de diâmetro, 172 ± 2 mg), o quais foram fixados na sonda 
superior do texturômetro e então lavadas com 200 µL de água ultrapura à 37 °C 
durante 2 min. As emulsões foram adicionadas na sonda inferior do texturômetro e 
mantidas à 37 °C durante todo o teste. Posteriormente, a sonda superior (distância 
inicial de 700 mm) foi movida para baixo na velocidade de 2 mm/s até contato com 
as emulsões e aplicação mínima de força (0,2 N-0.05 mm.s-1; durante 300 s). A 
sonda retornou ao estágio inicial na mesma velocidade e o trabalho de mucoadesão 
(Wma) foi medido de acordo com a força necessária para separar as duas sondas e a 
distância de alongamento para desconectar as amostras do disco de mucina.  
 
4.2.8.2 Estudo de interação dos sistemas com a mucina  
A capacidade da EBR e da EB em interagir com a mucina foi avaliada através 
da medição do tamanho hidrodinâmico de gotícula e potencial zeta, os quais foram 
realizados antes e após o contato com soluções de mucina em diferentes 
concentrações (200, 250 e 350 µg/mL1) [22].  
Inicialmente o tamanho de gotícula e o potencial zeta foram analisados 
utilizando-se um ZetaSize NanoZS (Malvern Instruments, Malvern, Reino Unido). 
Então, 50 µL das emulsões foram adicionadas em 10 mL das soluções de mucina e 
mantidas por 1 hora à 37 °C sob agitação magnética moderada. Posteriormente, o 
tamanho de gotícula e o potencial zeta foram reavaliados nas mesmas condições 
descritas na sessão 4.2.6. Todas as análises foram realizadas em triplicata.    
 
24 
 
 24 
 
4.2.9 Avaliação da atividade antimicrobiana da emulsão bucal a base de óleo de rã-
touro 
4.2.9.1 Preparação do inóculo 
As cepas de fungos foram previamente reativadas em Agar sabouraud-
dextrose (SDA) durante 48 horas. Posteriormente, o inóculo foi padronizado em 
tubos contendo 5 mL de solução salina à 0,9 % estéril e a suspensão de 
microrganismos ajustada para a escala 0,5 de McFarland através da medida da 
absorbância em espectrofotômetro UV-Vis (Biochrom®, Libra® S32, Cambourne, 
Reino Unido). 
 
4.2.9.2 Determinação da concentração inibitória mínima (CIM) – Ensaio de 
microdiluição em caldo 
A CIM dos fungos foi determinada utilizando-se as cepas citadas no item 
4.1.2. O inóculo foi diluído em Caldo Mueller-Hinton (CMH) na proporção de 1:30 
conforme o método adaptado e descrito por Oliveira e colaboradores (2018) [23]. A 
EBR e EBM foram diluídas em CHB estéril, enquanto o óleo de rã-touro foi diluído 
em DMSO à 1% e então em CHB com intuito de obter a concentração inicial da 
solução estoque à 4 mg/mL para todas as amostras. A solução de DMSO 1% e a 
emulsão bucal contendo óleo inerte foram usadas como controle negativo. Assim, 
diluições seriadas (amostas:MHB, 1:2 v/v) foram preparadas em microplacas de 96 
poços e incubadas à 37 ° C ± 2° C durante 48 h. A CIM dos fungos foi considerada 
como sendo a menor concentração capaz de inibir 100 % do crescimento das cepas 
através de inspeção visual, conforme preconiza o Clinical Laboratory Standards 
Institute [24].   
 
4.2.10 Ensaio de biocompatibilidade in vitro – Hemólise em sangue total  
Com o objetivo de avaliar o potencial hemolítico do óleo de rã-touro, da 
emulsão bucal a base de óleo de rã-touro e a emulsão bucal contendo um óleo 
inerte, uma amostra de sangue de um doador saudável com tipagem sanguínea O+ 
foi utilizada para determinar a biocompatibilidade do sistema. O potencial hemolítico 
do Miglyol® 812, utilizado na produção da emulsão com óleo inerte também foi 
avaliado. Assim, o sangue foi centrifugado à 1.100 g durante 10 minutos e o plasma 
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foi então removido. Posteriormente, a suspensão de eritrócitos foi lavada três vezes 
com solução de cloreto de sódio (0,9 %) e a concentração celular foi ajustada para 5 
% (v/v) (6 x 10
6 células/mL) em solução salina (0,9 %). 
O óleo de rã-touro e Miglyol® 812 foram diluídos em solução salina de DMSO 
1 % e as emulsões diluídas diretamente em solução salina com o intuito de obter as 
seguintes concentrações de óleo: 1,0 mg/mL , 0,50 mg/mL e 0,25 mg/mL. Assim, 1,5 
mL da suspensão de eritrócitos foi incubada com 1,5 mL das amostras durante 1 
hora à 37 °C. Posteriormente, as amostras foram centrifugadas a 1.100 g durante 5 
minutos e o sobrenadante foi removido e diretamente analisado em um 
espectrofotômetro (Biochrom®, Libra® S32, Cambourne, Reino Unido) no 
comprimento de onda de 540 nm. O ensaio foi realizado em triplicata. Solução de 
Turk à 1 % e solução salina a 0,9 % foram utilizadas como controle positivo e 
negativo de hemólise, respectivamente. Finalmente, o potencial hemolítico foi 
calculado de acordo com a equação 1[23]: 
Hp(%)                                   Eq. (1) 
 
Onde: 
Hp = Potencial hemolítico (em porcentagem) 
As = Absorbância das amostras testadas 
An = Absorbância do controle negativo 
Ap = Absorbância do controle positivo 
 
4.3 Análises estatísticas 
Os resultados foram expressos como média ± desvio padrão. Teste T-
Student’s foi realizado entre dois grupos não pareados e o p valor menor que 0,05 
foi considerado como estatisticamente significativo. Adicionalmente, a significâncias 
estatísticas entre grupos foi avaliada pela análise da variância (ANOVA) seguidos 
pelo pós-teste de Tukey.  
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5 ARTIGO PRODUZIDO 
5.1 O artigo Buccal Bullfrog (Rana catesbiana Shaw) Oil Emulsion: A 
Mucoadhesive System Intended For Treatment Of Oral Candidiasis foi aceito 
para publicação no periódico Pharmaceutics o qual possui fator de impacto 3,746 e 
Qualis A2 da CAPES para área Medicina II. 
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Abstract: Oral candidiasis (OC) is an infectious disease caused by microorganisms of the genus 
Candida, leading to lesions in the buccal cavity. Its treatment consists of the administration of topical 
or systemic antifungal agents, which may compromise the patient compliance due to its side effects, 
highlighting the need for alternative treatments. In this scenario, bullfrog oil, an animal oil composed 
of a pool of saturated and unsaturated fatty acids, is introduced as a potential antifungal raw 
material. Thus, the aim of this work was to produce a mucoadhesive emulsified system able to 
deliver the bullfrog oil in the buccal cavity to treat the OC. The emulsion was produced and 
characterized by visual inspection, droplet size, polydispersity index (PdI), and zeta potential over 
the course of 60 days. In addition, its mucoadhesive ability was evaluated using an in vitro mucin 
model. The antifungal activity, evaluated by the broth microdilution assay and the biocompatibility, 
performed against human erythrocytes, were also carried out. The emulsion showed a droplet size of 
320.79 ± 35.60 nm, a PdI of 0.49 ± 0.08, and a zeta potential of −38.53 ± 6.23 mV, with no significant 
changes over 60 days. The mucoadhesive properties of the system was improved by the use of 
pharmaceutical excipients. The antifungal activity showed that the bullfrog oil and the emulsion 
were able to inhibit the growth of different Candida species. Furthermore, the emulsion showed no 
significant hemolytic effect. Overall, the system showed suitable physicochemical characteristics and 
biocompatibility, with substantial in vitro antifungal activity, suggesting that this system can be 
further investigated for OC treatment. 
Keywords: bullfrog oil; buccal emulsion; mucoadhesivity; antifungal activity; biocompatibility 
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1. Introduction 
Oral infections are a group of widespread diseases that affect individuals of all ages and 
socioeconomic classes, often triggered by commensal microorganisms, which may become pathogenic 
due to inappropriate buccal hygiene or trauma, mainly when the patient’s immunity is compromised 
[1]. In addition, the oral cavity offers excellent conditions for microorganism growth, such as adequate 
pH and temperature, high humidity, substrates and hydrolytic enzymes, such as proteases, 
phospholipases, and haemolysin, able to promote food cleavage, delivering free glucose to the 
microorganism and thus promoting the quick development of these infections [2–4]. 
Among oral infections, oral candidiasis (OC) represents the most frequent oral fungal infection, 
caused by the photogenic growth of different Candida species, such as Candida albicans, Candida 
glabrata, Candida parapsilosis, and Candida tropicalis, which are responsible for 30 to 45% of oral fungal 
infections in the general adult population [5–7]. Risk factors for oral candidiasis include use of 
dentures, xerostomia, prolonged therapy with antibiotics, local trauma, malnutrition, and endocrine 
disorders [8]. Oral candidiasis is one of the most common clinical symptoms of patients infected with 
the human immunodeficiency virus (HIV) and transplanted patients [4,7,8]. The pathogenicity of these 
species is assigned to virulence factors that promote the adhesion to host cells, affecting the buccal 
keratinized mucosa and oral prosthesis, with possible biofilm formation on host tissues or medical 
devices, contributing to the maintenance of the infection, allowing the microorganism to escape from 
host defense mechanisms [9] and increasing its ability to invade the colonized tissue, promoting oral 
mucosa damage [9–11]. 
Therefore, OC can be classified according to its clinical aspects such as the presence or absence of 
desquamated epithelial cells, angular cheilitis, gingival erythema, and presence of necrotic material 
[6,12]. Thus, OC presents two classifications, (i) pseudomembranous OC, which is characterized by 
white lesions, foul breath, and hyperplasic candidiasis and (ii) erythematous OC, which presents red 
lesions, and acute or chronic atrophic candidiasis [12]. 
Based on the clinical analysis and the microorganism characteristics, OC treatment consists of the 
elimination of the identified predisposition factors through buccal and prosthesis hygiene as well as 
the use of topical or systemic antifungal agents [13,14]. The regular teeth, buccal cavity, and denture 
cleaning with antiseptic rinses containing chlorhexidine or hexetidine is an effective approach to 
reduce Candida spp. load in the oral cavity [5,8]. However, the use of topical or systemic antifungal 
agents such as nystatin, miconazole, clotrimazole, fluconaloze, itraconazole, echinocandins, flucystein, 
and amphotericin B represent other important treatment strategies for OC, especially when the 
patient’s immunity is a relevant aspect to be considered [5,6,12]. 
These therapeutic strategies are effective to treat oral Candida spp. infections since they are able to 
promote the decrease or complete removal of pathogenic fungal strains in the oral cavity. Nonetheless, 
these drug treatments are also responsible for promoting several side effects, such as teeth and tongue 
discoloration (chlorhexidine), nephrotoxicity, hepatotoxicity, polyuria, skin rashes, acne, nausea, chest 
pain, and gastrointestinal disturbance (topical and systemic antifungal agents), compromising the 
treatment compliance and the patient’s life quality [5,12,13]. 
Thus, based on the high prevalence of Candida spp. infections in the oral cavity and the side 
effects related to its treatment, it has become evident the need for new alternative treatments to 
overcome this problem, especially for non-extensive lesions of OC, since that these new alternatives 
will make it possible to treat the infection without exposing the patient to the side effects of traditional 
therapies [15]. In this context, studies that evaluated the antifungal activity of natural products, such 
as plant extracts and natural oils, highlighted that these products are able to inhibit the growth of 
Candida spp. [5,15], suggesting potential use of natural products in OC treatment. 
Among these products, bullfrog oil stands out as an animal oil extracted by the biotechnological 
reuse of the adipose tissue from the amphibious Rana catesbeiana Shaw. Bullfrog oil presents in its 
chemical composition a pool of saturated and unsaturated fatty acids responsible for potential 
antimicrobial and antibiofilm activities [16,17]. Nevertheless, the in natura use of this oil shows some 
disadvantages, such as unpleasant organoleptic characteristics and undesirable biopharmaceutical 
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properties, which may compromise its use and leads to a low patient compliance [16,17]. To overcome 
these drawbacks, the development of an emulsified system to deliver the bullfrog oil and to allow its 
adherence to the buccal mucosa could be a technological approach that enables its use for treatment of 
OC. Examples of emulsified systems are microemulsion [18], topical nanoemulsion for external use 
[17], and oral nanoemulsion [19], already developed by our research group. Indeed, such systems, 
composed of aqueous and oily phases stabilized by a surfactant blend [20], allow the internalization of 
bullfrog oil in its droplets and, through the use of pharmaceutical excipients, may increase the 
adherence of this oil into the buccal mucosa, allowing contact to the microorganisms of the oral cavity, 
and consequently improving its antimicrobial activity [21]. 
Thus, the aim of this study was to produce an emulsified system for buccal administration based 
on bullfrog oil and to evaluate its stability, in vitro biocompatibility, mucoadhesive properties and 
antimicrobial activity in microorganisms responsible for promoting OC. 
2. Materials and Methods 
2.1. Materials 
2.1.1. Chemicals 
Bullfrog oil was provided by Asmarana Produtos Naturais (Natal, Brazil). Sodium hydroxide 
(NaOH), dimethyl sulfoxide (DMSO), potassium hydroxide, diethyl ether, hydrochloric acid (HCl), 
Tween® 20, sodium thiosulfate, and sodium carbonate were from VETEC (Rio de Janeiro, Brazil). 
Miglyol® 812 was a gift from Sasol (Witen, Germany). Butylhyldroxytoluene (BHT), 
buthylhydroxyanisole, potassium biphthalate, potassium dichromate, and Wijs solution were 
purchased from Labsynth (São Paulo, Brazil). Acetic acid, ethanol P.A, sodium bicarbonate, potassium 
iodide, starch, and chloroform were from Isofar (Rio de Janeiro, Brazil). Sucralose, Tutti-frutti 
flavoring and Acesulfame K were purchased from Valdequímica (São Paulo, Brazil). Xanthan gum, 
sodium benzoate and propylparaben were from ViaFarma (São Paulo, Brazil). Phenolphthalein was 
provided from Biotec Chemicals (Londrina, Brazil). Mucin Type II (Mucin from porcine stomach) and 
Span® 80 were from Sigma-Aldrich (São Paulo, Brazil). 
2.1.2. Biological 
Candida spp. strains used during the experiments were Candida albicans ATCC 90029, Candida 
dubliniensis CBS 7987, Candida glabrata ATCC 2001, Candida parapsilosis ATCC 22019, Candida 
metapsilosis ATCC 96143, Candida orthopsilosis ATCC 96139, and Candida tropicalis ATCC 13803, 
donated by the culture collection of the Laboratory of Medical and Molecular Mycology from the 
Federal University of Rio Grande do Norte (UFRN) (Natal, Brazil). The blood sample was kindly 
donated by the Hemocenter Dalton Cunha (Natal, Brazil). 
2.2. Methods 
2.2.1. Physicochemical Characterization of Bullfrog Oil 
Physicochemical analyses were performed to evaluate the quality of the bullfrog oil according to 
the adapted titration methods described in the United States Pharmacopeia (USP 35) [22] and the 
American Oil Chemists Society guidelines [23] for peroxide index (PI), acid index (AI), iodine index 
(II), and saponification index (SI). The PI was determined using 0.5 g of bullfrog oil dissolved in 3 mL 
of acetic acid: chloroform solution (3:2 v/v) and 0.1 mL of saturated solution of potassium iodide. After 
complete dissolution, 3 mL of purified water was added and the mixture was titrated with 0.01 N 
sodium thiosulfate solution using starch as indicator. The AI was determined by the titration of 0.5 g 
of bullfrog oil solubilized in 2.5 mL ether-alcohol solution (1:1 v/v) with sodium hydroxide (0.1 N) 
using phenolphthalein as indicator. In addition, the II was determined by the titration of 0.2 g of 
bullfrog oil, 8 mL of chloroform, and 20 mL of Wijs solution. This mixture was kept under dark 
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conditions for 30 min and, then, 30 mL of potassium iodide 15% and 80 mL of water were added for 
titration with sodium thiosulfate (0.1 N) using starch as indicator. The SI was assessed using 1 g of 
bullfrog oil and 25 mL of alcoholic solution of potassium hydroxide (0.5 N). This mixture was titrated 
with hydrochloric acid (0.5 N) using alcoholic phenolphthalein 1% as indicator. 
2.2.2. Production of Buccal Emulsified System Containing Bullfrog Oil 
The buccal emulsion based on bullfrog oil (BBE) (Table 1) was prepared by the phase inversion 
technique [24]. Its composition was based on a previous study performed by our research group [19]. 
First, the aqueous and oily phases were heated separately at 70 °C and, then, the aqueous phase was 
transferred to the oily phase under constant stirring at 11,000 rpm for 10 min using an Ultra-Turrax® 
T-18 (IKA, Staufen, Germany).  
In addition, a blank emulsion (BE) and a buccal Mygliol® 812 (a medium chain triglyceride 
mixture of capric and caprilic fatty acids) emulsion (BME), based on the same method, were also 
produced for use in the in vitro mucoadhesive and the antifungal/biocompatibility studies, 
respectively. The BE formulation was composed by bullfrog oil (14%), distilled water (80%) and 
surfactant blend (Tween® 20 and Span® 80 at proportion of 1.72:1 w/w) (6%). On the other hand, the 
BME and the BBE have similar composition (Table 1). 
Table 1. Composition of the buccal oil emulsion (BBE and BME). 
 Excipients % (w/w) Function 
Aqueous phase 
Butylhydroxyanisole  0.01 Antioxidant 
Sucralose 0.10 Sweetener 
Tutti-frutti flavoring 0.10 Flavoring 
Sodium benzoate 0.20 Antimicrobial preservative 
Xanthan gum 0.30 Stabilizing agent 
Acesulfame k 0.40 Sweetener 
Tween® 20 3.80 Surfactant 
Propylene glycol 5.00 Humectant 
Distilled water 73.87 Disperser agent 
Oily phase 
Butylhydroxytoluene (BHT) 0.01 Antioxidant 
Propylparaben 0.02 Antimicrobial preservative 
Span® 80 2.20 Surfactant 
Bullfrog Oil/Miglyol® 812 14.00 Oil 
w/w (weight by weight). 
2.2.3. Buccal Bullfrog Oil Characterization 
The emulsions characterization studies were performed 24 h after their production and the 
system stability was evaluated over the period of 60 days.  
2.2.4. Macroscopic Aspects 
Organoleptic characteristics (color and odor) and macroscopic aspect of the developed system 
were analyzed by visual inspection in order to verify the presence of sensorial changes and 
macroscopic instability phenomena such as creaming or phase separation. Test conditions included 
storage in a translucent test tube and temperature of 25 ± 2 °C. 
2.2.5. pH and Conductivity Evaluation 
The pH and the electrical conductivity were analyzed at 25 ± 2 °C, in triplicate, using a Tecnal 
pH-meter model TEC-2 (Piracicaba, Brazil) and a Digimed conductivimeter model DM-32 (São Paulo, 
Brazil). 
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2.2.6. Droplet Size Distribution and Zeta Potential Analysis 
The measurement of the droplet size distribution was performed in triplicate by dynamic light 
scattering (DLS) technique using a ZetaSize NanoZS (Malvern Instruments, Malvern, UK) at 25 °C and 
angle fixed at 173 °C. The samples were previously diluted (1:200 v/v) in purified water according to 
the dilution study (data not shown). Additionally, the zeta potential was analyzed by eletrophoretic 
mobility using the ZetaSize NanoZS at 25 °C. In order to maintain the ionic strength, the samples were 
diluted (1:200 v/v) in sodium chloride solution at 0.1 mM and the measurement was performed in 
triplicate. 
2.2.7. Viscosity Measurements 
The viscosity evaluation of BBE was performed in triplicate at 25 ± 2 °C using a cone and plate 
(CP) rheometer (Brookfield-model RV-III, New Castle, DE, USA) equipped with a CP 42 spindle. The 
sample (1 g) was placed in the spindle and the viscosity was measured under progressive rotation 
between 35–60 rpm with interval of 5 rpm. The rotation was maintained for 10 s at each speed and the 
data of shear rate, shear stress and viscosity were analyzed by the Rheocalc V 3.01 software. 
2.2.8. In Vitro Mucoadhesive Studies 
Mucoadhesive Performance 
The mucoadhesive properties of the BBE and the BE were assayed by a mucoadhesive test 
method [25] using a texture analyzer (TA.XT Plus Texture Analyzer, Hamilton, MA, USA). 
Initially, mucin disks were prepared as a model membrane using a manual tablet press machine, 
Korsh, Model EK-0 (KORSH America Inc., South Easton, MA, USA) (12 mm diameter punch, 172 ± 2 
mg), which were fixed at the superior probe of the texturometer and washed with 200 µL of ultrapure 
water at 37 °C for 2 min. The BBE and the BE were added to the texturometer inferior probe and 
maintained at 37 °C during the test execution. Posteriorly, the superior probe (initial height of 700 
mm) was moved down at the speed of 2 mm·s−1 until contact with the emulsions by applying a 
minimum force (0.2 N−0.05 mm·s−1; during 300 s). The probe returned to the initial stage at the same 
speed and the mucoadhesion work (Wma) was measured according to the force required to separate 
the two probes and the distance of stretching to detach the samples from the mucin. 
Interaction between the Emulsion and the Mucin 
The ability of the BBE and the BE to interact with the mucin was evaluated by means of the 
droplet size and the zeta potential, which were measured before and after contact with mucin 
solutions at different concentrations (200, 250, and 350 µg·mL−1) [26]. 
Initially, the droplet size and the zeta potential were evaluated using a ZetaSize NanoZS 
(Malvern Instruments, Malvern, UK). Then, 50 µL of the emulsions were added in 10 mL of the mucin 
solutions and kept for 1 h at 37 °C under moderate magnetic stirring. Subsequently, the droplet size 
and the zeta potential were reevaluated under the same dilution condition as described in Section 
2.2.6. All analyses were performed in triplicate.  
2.2.9. Antimicrobial Activity of Bullfrog Oil and Buccal Bullfrog Oil Emulsion 
Inocula Preparation 
Fungal strains were previously reactivated on sabouraud-dextrose agar (SDA) for 48 h. 
Subsequently, yeast cells inocula were standardized in tubes containing 5 mL of sterile saline solution 
at 0.9% and the microbial suspension was adjusted to the 0.5 McFarland standard by absorbance 
measurement using an UV-Vis spectrophotometer (Biochrom®, Libra® S32, Cambourne, UK). 
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Fungal Minimal Inhibitory Concentration (MIC)—Broth Microdilution Assay 
The fungal MIC was performed using the biological strains aforementioned (Section 2.1.2). The 
inocula were diluted in Mueller–Hinton broth (MHB) at the ratio of 1:30 according to an adaptation 
from the method described by Oliveira et al. (2018) [18]. The BBE and the BME were diluted in sterile 
MHB and bullfrog oil was diluted with DMSO at 1% in sterile MHB in order to obtain an oil 
concentration of 4 mg·mL−1 for all samples. The DMSO solution at 1% and the BME were used as 
negative control. Serial dilutions (emulsion: MHC, 1:2 v/v) were prepared with sterile MHC in a 96-
well microplate and incubated at 37 °C ± 2 °C for 48 h. The fungal MIC was considered as the lowest 
concentration of the samples able to inhibit 100% growth of each strain by visual inspection, according 
to the recommended by the Clinical Laboratory Standards Institute [27]. 
2.2.10. In vitro Biocompatibility Assay—Hemolysis in Total Blood 
In order to evaluate the hemolytic potential of the bullfrog oil, the BBE, and the BME, an O+ blood 
sample from a healthy donor was used aiming to evaluate the biocompatibility. The hemolytic 
potential of the Miglyol® 812 used in the BME was also assessed. Thus, the blood sample was 
centrifuged at 1100 g for 10 min and the plasma was removed. Posteriorly, the erythrocytes 
suspension was washed three times with 0.9% saline solution and the cells concentration adjusted to 
5% (v/v) (6 × 106 cell/mL) in 0.9% of saline solution. 
The oils, bullfrog oil and the Miglyol® 812, were diluted in DMSO at 1% saline solution and the 
emulsions, the BBE and the BME, were diluted in saline solution in order to reach oil concentration of 
1.0 mg·mL−1, 0.50 mg·mL−1, and 0.25 mg·mL−1. Thus, 1.5 mL of erythrocytes suspension were incubated 
with 1.5 mL of bullfrog oil, BBE, and BME at the concentrations described above for 1 h at 37 °C. After 
incubation, the samples were centrifuged at 1100 g for 5 min and the supernatant was removed and 
directly read in a spectrophotometer (Biochrom®, Libra® S32, Cambourne, UK) set at 540 nm. The 
analysis was performed in triplicate. Turk’s solution at 1% and saline solution at 0.9% were used as 
positive and negative control, respectively. Finally, the hemolytic potential was calculated according 
to the Equation (1) [18]: 
 
(1) 
where, Hp = Hemolytic potential (in percentage); As = Absorbance of tested sample; An = Absorbance 
of the Negative Control; Ap = Absorbance of the Positive Control 
2.3. Statistical Analyses 
The results were expressed as mean ± standard deviation. Student’s t-test was used between two 
unpaired groups and p values less than 0.05 were considered significant. In addition, statistical 
significance among groups was evaluated by Analysis of Variance analysis (ANOVA) followed by 
Tukey’s post-test. 
3. Results 
3.1. Bullfrog Oil (Rana catesbeiana Shaw) Physicochemical Characterization 
In order to assess the physicochemical properties of bullfrog oil, as well as the quality parameters 
related to its use as pharmaceutical raw material, the peroxide index (PI), the acid index (AI), the 
iodine index (II), and the saponification index (SI) were evaluated through titration techniques. 
The PI is a parameter widely used to measure the lipid hydroperoxides, a primary product of the 
lipid oxidation. This process affects the organoleptic characteristics (odor and appearance) and quality 
of natural oils, as it might lead to the formation of toxic compounds due to the decomposition of 
unsaturated and polyunsaturated fatty acids presented in the natural oils [28,29]. The bullfrog oil PI 
value was 1.90 ± 0.03 mEq O2/Kg. Similar data was found by Rutckeviski and colleagues (2017) for a 
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bullfrog oil sample obtained by hot extraction at 70 °C, which showed PI value of 1.93 ± 0.02 mEq 
O2/Kg [30]. Our result indicates that this marketable bullfrog oil has suitable quality, with low 
oxidation levels, evidencing a preservation of the unsaturated and polyunsaturated fatty acids, as 
shown for the bullfrog oil obtained by the study that evaluated different extraction processes [30]. 
Furthermore, the AI was also evaluated since this parameter measures the free fatty acid content 
and indicates the hydrolytic degradation process caused by the presence of water molecules and 
lipases enzymes which promotes fatty acid cleavage, compromising the oil quality [31]. The bullfrog 
oil showed an AI value of 1.57 ± 0.01 mg KOH/g oil, which is in agreement to the Codex Alimetarius 
for Edible Oils (AI ≤ 3 mg KOH/g oil) [32], suggesting a lower content of free fatty acids and suitable 
conservation of the bullfrog oil. This result is in agreement with the literature, where an AI value near 
2.90 mg KOH/g oil was obtained in the bullfrog oil extracted from the adipose tissues of the 
amphibious Rana catesbeiana Shaw by hot and organic solvent extraction processes [17]. 
Additionally, the II and the SI were assayed to evaluate both the unsaturation degree of the fatty 
acids presented in the oil composition and the chain length of the fatty acids, which allow us to 
predict the purity and the quality of the oil, respectively [17,30]. The bullfrog oil showed an II value of 
99.60 ± 1.24 g I2/100g oil and SI of 169.52 ± 0.83 mg OH/g oil. These data were in accordance with the 
literature, where the II value was 104.21 ± 1.00 g I2/100g and the SI value was 171.12 ± 0.97 mg OH/g 
oil for bullfrog oil extracted through a hot process at 70 °C [30] and supported by the chemical 
composition of the bullfrog oil, as already described [17]. 
Overall, the results of the physicochemical evaluation allow us to suggest that the bullfrog oil 
used in this work shows valuable characteristics, such as a low PI and AI, and II and SI similar to the 
literature reports, indicative of the absence of degradative phenomena that may compromise the oil 
quality, allowing the use of bullfrog oil as a potential raw material on the development and 
production of pharmaceutical products. 
3.2. Production of Buccal Bullfrog Oil Emulsion (BBE) 
The results from the physicochemical analyses revealed that the bullfrog oil presented suitable 
characteristics to be used on the buccal emulsion. An emulsified system was chosen due to its ability 
to improve the biopharmaceutical properties and the organoleptic characteristics of drugs and oils, 
respectively. In addition, these systems have also the ability to enhance the drugs and the bioactive 
therapeutic effects, reducing doses, side effects, and toxicity, allowing the improvement of the 
treatment, their efficacy, and patient compliance [21]. 
On the other hand, due to the large interfacial area presented in the emulsified systems, the 
occurrence of instability phenomena such as flocculation, coalescence, creaming, and phase separation 
over the time was accentuated, demonstrating the importance of the use of pharmaceutical excipients 
to improve emulsion stability [33,34]. Thus, an experimental design study was previously performed 
to define the best pharmaceutical excipients and their concentrations, improving the organoleptic 
characteristics of the bullfrog oil and thus enabling the system to be used by oral and buccal routes 
[19]. 
The BBE showed a milky and homogeneous appearance with the characteristic smell of the tutti-
frutti flavor used in this formulation, which masked the undesirable smell of bullfrog oil. These 
macroscopic aspects allow us to suggest that this system was able to improve the organoleptic 
characteristics of bullfrog oil. 
Additionally, the physicochemical aspects (pH, conductivity, droplet size, polydispersity index, 
and zeta potential) were also assessed. The emulsion pH value was slightly acidic (6.05 ± 0.02) which 
was maintained over time, showing a non-significant decrease at the end of 60 days (5.76 ± 0.17). This 
slightly acid characteristic may be attributed to both the fatty acids presented in the chemical 
composition of the bullfrog oil [18]. Similar data were reported by the literature in which distinct 
emulsified systems based on bullfrog oil such as nanoemulsion and microemulsion showed pH values 
of 6.3 ± 0.2 and 6.1 ± 0.1, respectively [17,18]. 
Hence, the produced BBE presents itself as a compatible system able to be administrated to the 
buccal mucosa, avoiding discomfort during the administration, since that the buccal mucosa has a pH 
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range between 5.5 and 7.0, fluctuating according to the salivation flow rate [35]. In addition, it is 
possible that the use of preservatives and antioxidants in the emulsion prevented the microbial 
contamination and chemical degradation of emulsion components, which could lead to considerable 
pH decrease [17]. 
Furthermore, high conductivity values reinforced the characterization of the formulation as an 
O/W system, since this parameter indicates the external phase characteristic of the emulsion [21]. The 
BBE showed a high conductivity value (1932.00 ± 10.15 µS·cm−1), which indicates an external aqueous 
phase, similar to the water conductivity and characteristic of the oil-in-water (O/W) emulsions [21]. In 
addition, this data did not change significantly throughout the stability study (1848.33 ± 42.72 
µS·cm−1), indicating no phase inversion, phase separation, or degradation of oil droplets. 
Moreover, the stability of the BBE was also followed by the analysis of the droplet size and the 
zeta potential, which are parameters related to the physical and electrostatic stability of emulsified 
systems, respectively [21,36]. Indeed, the monitoring of the droplet size allows the identification of 
instability phenomena that are not detected by visual inspection, such as flocculation 
(aggregation/approximation of the oil droplets due the interaction energy and low distance between 
the droplets) and coalescence (collision/fusion of two or more oil droplets to form a single larger 
droplet) [36,37]. 
The BBE showed a droplet size of 320.79 ± 35.60 nm and a polydispersity index (PdI) of 0.49 ± 
0.08. Similar results for droplet size of nanoemulsions can be found in the literature [21,36]. Droplet 
size data also contributes to the classification of emulsified systems as macroemulsions (>1 µm), 
nanoemulsions (size around 300 nm), and microemulsions (size lower than 100 nm). However, it is 
important to highlight that the evaluation of other parameters such as visual appearance, 
polydispersity index, and kinetic and thermodynamic stability, needs to be also considered for a 
correct classification [21,36]. For instance, nanoemulsions show low PdI, kinetic stability, and 
particular visual characteristics (Tyndall effect) that are not observed in the BBE [21,38]. Thus, 
according to the literature, the BBE can be classified as a macroemulsion, since it presented droplet 
size in the range of 100 nm–1 µm, elevated PdI, and no Tyndall effect [38]. 
Additionally, at the end of the stability study (Figure 1) an increase in the droplet size was 
observed. Right after its production, the droplet size was 320.79 ± 35.60 nm, whereas after 60 days an 
increase to 436.10 ± 72.70 nm was observed. The PdI remained constant (from 0.49 ± 0.08 to 0.50 ± 0.02) 
throughout the study, suggesting an absence of instability phenomena that may lead to phase 
separation [37,38]. Based on these results, it is possible to suggest that BBE may be used on the 
treatment of no extensive lesions of OC. In fact, Candida species exhibits cells with oval to round shape 
with a diameter of 3.5–8 µm [39] and the BBE with the aforementioned droplet size may be adsorbed 
at the Candida spp. wall, promoting the bullfrog oil effect directly over the fungal cell. 
 
Figure 1. Droplet size (column graph) and polydispersity index (PdI) (line graph) of the 
buccal bullfrog oil emulsion stored at 25 ± 2 °C for 60 days. 
The zeta potential of the BBE was also evaluated over 60 days. This parameter is directly related 
to the electrostatic stability of emulsified systems because the electrical charge promotes droplet 
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repulsion, avoiding flocculation [37]. Thus, absolute values of zeta potential higher than 30 mV 
indicate that the repulsive forces are stronger than the attractive ones, impeaching the oil droplets 
approximation and further instability [37,40]. The BBE showed an initial zeta potential value of −38.53 
± 6.23 mV, suggesting electrostatic stability, corroborating to the data observed for a topical 
nanoemulsion produced with bullfrog oil in its internal phase, as described in the literature [17]. In 
addition, over the period of 60 days, the zeta potential of the BBE remained steady (−33.77 ± 4.03 mV), 
data that allows us to conclude that the emulsion presents a suitable electrostatic behavior regarding 
its ability to avoid instability phenomena that may compromise its quality. Furthermore, the BBE 
viscosity was also evaluated according to the shear rate and the shear stress variations. This analysis 
suggested the rheological behavior of the system, predicting its spreadability and residence time in the 
biological surface of the buccal mucosa [41,42]. Furthermore, a non-Newtonian pseudoplastic behavior 
was observed with the shear rate and the shear stress variations, since the viscosity decreased 
according to the increase of these parameters (data not shown). For a shear rate of 228 s−1 at 25 ± 2 °C, 
the BBE showed a viscosity of 39.0 ± 0.2 cP. These results indicate a suitable viscosity and rheological 
characteristic of BBE, once the pseudoplastic behavior is desired to the buccal delivery, allowing the 
easy spreadability of the system, and thus, improving its contact with the buccal mucosa cell [42]. 
Therefore, the overall results suggest that the BBE has suitable physicochemical characteristics, 
which remains stable for 60 days, and suitable viscosity, which predict good rheological behavior for 
buccal delivery. 
3.3. Evaluation of Mucoadhesive Properties of the Buccal Bullfrog Oil Emulsion 
The epithelium surface of the buccal mucosa is covered by a mucus layer responsible for its 
lubrication, protection, and hydration. This layer is composed by a viscoelastic network of water (95%) 
and mucin (5%), a glycoprotein responsible for the viscosity and gel properties of the mucus [26,43]. 
Thus, many studies have evaluated the interaction between dispersed systems and this glycoprotein 
with the purpose of predicting the mucoadhesion ability of these systems, which is related to 
increased interactions with the buccal mucosa and site-specific delivery of drugs and/or bioactive 
compounds [26,44]. Based on this rationale, the BBE was designed to be used on the buccal mucosa as 
potential treatment to non-extensive lesions of OC. Its ability to adhere to the buccal epithelium was 
assessed by in vitro mucoadhesion measurements using two different approaches: (i) the 
mucoadhesion performance and (ii) the variation in droplet size and zeta potential due to the 
interaction between the emulsion and the mucin [25,26]. 
The mucoadhesion performance was carried out by the tensile stress test, which consists in a 
specific apparatus in which the emulsions were placed into an inferior probe that interacts with a 
superior probe, containing a previously prepared mucin membrane, for a specific time. After the 
interaction, the maximum force and work required to separate the probes were calculated considering 
the debonding distance, thus reflecting the mucoadhesion properties of the analyzed system [25,42]. 
Table 2 shows the parameters related to the mucoadhesion performance of the BBE and the BE, which 
was produced without pharmaceutical excipients. 
Table 2. Mucoadhesive performance of the BBE (buccal bullfrog oil emulsion) and BE (blank 
emulsion) by the tensile stress test. 
Sample Peak Force Debonding Distance Wma 
 
mN ± SD  mm ± SD mN·mm ± SD 
BBE 10.15 ± 2.00 1752.36 ± 215.53 1494.04 ± 203.45 
BE 7.44 ± 1.53 949.94 ± 92.72 1080.96 ± 204.68 
mN (milliNewton); SD (standard deviation); mm (millimeter); Mucoadhesion work (Wma). 
The BE showed a maximum peak force of 7.44 ± 1.53 mN to be detached from the mucin 
membrane, with a debonding distance of 949.94 ± 92.72 mm, resulting in Wma of 1080.96 ± 204.68 
mN·mm, suggesting a low adhesion behavior. On the other hand, the BBE required a significantly 
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higher force to detach from the mucin membrane and showed peak force of 10.15 ± 2.00 mN with a 
longest debonding distance of 1752.36 ± 215.53 mm, resulting in a higher Wma (1494.04 ± 203.45 
mN·mm) compared to the BE (p < 0.05), highlighting the superior capacity of the BBE to adhere to the 
mucin membrane. This data can be attributed to the composition of the BBE if it presents 
pharmaceutical excipients, such as xanthan gum and sweeteners, which may improve the adhesion 
ability of the system. In fact, the xanthan gum is a anionic polymer widely used in pharmaceutical 
systems due to its mucoadhesive properties, since its molecule presents a helical form with D-glucose 
residues and glucuronic acid groups between mannose units, providing a steric conformation able to 
form secondary bonds with the human mucin [45,46]. The mucin type II used in this test is derived 
from the porcine stomach and is chemically and structurally similar to human mucin, allowing us to 
suggest that BBE is able to interact with the mucus from the human buccal mucosa and to deliver the 
bullfrog oil [47,48]. 
Additionally, the mucoadhesive potential of the BBE and the BE was also assayed by the 
measurement of the droplet size and the zeta potential of these systems before and after contact with 
mucin solutions at different concentrations, as described in the Table 3. Initially, the BBE showed a 
droplet size of 320.79 ± 35.60 nm and a zeta potential value of −38.53 ± 6.23 mV, whereas the BE 
presented a droplet size of 186.7 ± 2.7 nm and a zeta potential of −18.20 ± 1.42 mV. As seen in Table 3, 
both emulsions had a significant increase in droplet size, suggesting the interaction of the mucin 
molecules with the oil droplet surface. In addition, a significant statistical difference was observed in 
all tested concentrations (p < 0.05) on the increase of droplet size between the BBE and BE, which 
implicates that the droplet size of the BE is higher than that of the BBE after mucin contact. In fact, the 
interaction between the mucin molecules and the oil droplets is a phenomenon described in the 
literature [49,50]. Due to the ability of mucin to promote chemical interactions with the surface of oil 
droplets, large aggregates are formed due to the occurrence of flocculation involving the oil droplets, 
resulting in a significant increase in droplet size. Furthermore, as the BE did not have stabilizing 
agents in its composition, the mobility and the contact of the oil droplets with the mucin molecules 
was facilitated, allowing their interaction, and resulting in a noticeable increase in the droplet size. 
On the other hand, due to the presence of pharmaceutical excipients in the external phase of the 
BBE, the mucin molecules presented in the dispersion may have a difficulty on interacting with the oil 
droplets, once some excipients, such as the xanthan gum, are able to chemically interact with the 
mucin molecules as previously discussed. Thus, these data allow us to suggest that the non-expressive 
increase in the droplet size of BBE, when compared to the BE, can be attributed to the reduced amount 
of free mucin available to interact with the oil droplets, since these molecules are possibly interacting 
with the xanthan gum in the external phase. 
Table 3. Droplet size and zeta potential of BBE (buccal bullfrog oil emulsion) and BE (blank 
emulsion) according to the contact with mucin solutions. 
Mucin 
Concentration 
(µg·mL−1) 
Mean Diameter (LD) ± SD (µm) Zeta Potential ± SD (mV) 
Mucin 
Dispersion * 
BBE ** BE ** 
Mucin 
Dispersion 
* 
BBE ** BE ** 
0 - 0.320 ± 0.35 0.186 ± 0.02 - −38.53 ± 6.23 −18.20 ± 1.42 
200 0.349 ± 0.291 0.834 ± 0.02 1.138 ± 0.07 −1.79 ± 0.02 −18.10 ± 0.99 −22.75 ± 0.49 
250 0.432 ± 0.249 0.944 ± 0.05 1.056 ± 0.23 −2.69 ± 0.05 −19.30 ± 1.41 −15.70 ± 2.26 
350 0.779 ± 0.139 1.053 ± 0.02 1.228 ± 0.31 −4.65 ± 0.52 −23.00 ± 4.38 −16.15 ± 2.19 
Values were expressed as mean ± Standard Deviation (n = 2). LD: laser diffraction; µm (micrometer); mV 
(millivolts); µg·mL−1 (microgram per milliliter); BBE: bullfrog oil emulsion. BE: blank emulsion. * Before 
contact; ** After contact. 
Additionally, Table 3 also shows the zeta potential of the BBE and the BE. It is possible to observe 
a difference in this parameter for both systems, reinforcing the hypothesis that mucin was able to 
adhere to the oil droplets surface. Indeed, this molecule presents sialic acid residues linked to the 
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terminal region of the oligosaccharide chains that lead to a negative surface charge [25,26], which 
makes this molecule able to adsorb on the particles and/or the oil droplets, promoting changes in the 
physicochemical characteristics of the system, as described on the literature [26,49,51]. Furthermore, 
although both samples and mucin solutions have a negative charge, their interaction is possible 
because the negative charge of the mucin solutions was close to the isoelectric point, allowing the 
electrical and chemical interaction of the oil droplets and preventing the electric repulsion. In addition, 
it was also observed that the zeta potential of the BBE increased according to the mucin concentration 
in the dispersions, data not observed for the BE, corroborating to the results obtained by the tensile 
stress test and highlighting the superior mucoadhesive ability of the BBE. 
Additionally, it is possible to compare the results obtained by these two different approaches 
used to assess the mucoadhesivity. Indeed, the mucoadhesion study, performed by the tensile stress, 
showed an increase of the work forces necessary to separate the probes after contact to the BBE 
compared to the BE. On the other hand, the variation of the droplet size and the zeta potential showed 
higher interaction between the mucin molecules to the BE droplets compared to the BBE, which 
allowed mucin to be available on the external phase and cause mucoadhesion. Based on the 
fundamentals of each performed test, these results corroborate to the hypothesis that the 
pharmaceutical excipients were able to increase the physical interaction between the system and the 
mucosa. 
Thus, these results allow us to suggest that the pharmaceutical excipients used in the production 
of the BBE, such as the xanthan gum, were able to increase the interaction forces impacting in the 
mucoadhesion ability of this system, which may increase its contact time with the buccal mucosa, 
leading to site-specific delivery of the bullfrog oil. 
3.4. Antifungal Activity of Buccal Bullfrog Oil Emulsion 
In order to evaluate the antifungal activity of the bullfrog oil and the BBE, a broth microdilution 
assay was performed. This method is an economic and effective approach that allows the 
determination of the lowest concentration of the tested agents able to inhibit the growth of different 
yeasts strains completely [52]. The DMSO 1% and the BME were used as negative control and did not 
show antifungal activity against the tested Candida spp. 
The pure bullfrog oil was able to inhibit the growth of distinct Candida spp. reference strains, 
except C. dubliniensis CBS 7987 and C. glabrata ATCC 2001, with MIC values in the range of 0.25–0.5 
mg·mL−1, while the BBE showed antifungal activity against all the Candida spp strains tested with a 
MIC ranging from 0.5 to 1.0 mg·mL−1 (Table 4). The absence of antifungal effect of the pure bullfrog oil 
against the C. dubliniensis and C. glabrata reference strains can be related to the resistance profile of 
these yeast strains, or also due to the fungal cell structure (fungal cell wall composition or the fungal 
phospholipidic membrane) [53]. This hypothesis can be reinforced by the literature, which describes 
that due to the fungal cell structure, different Candida spp. can present variations in the wall 
composition and organization, reflecting directly on the antifungal activity of natural oils in its natural 
form [16,54]. On the other hand, the BBE showed MIC values of 0.5 mg·mL−1 and 1.0 mg·mL−1 against 
C. dubliniensis CBS 7987 and C. glabrata ATCC 2001, respectively. This result can be attributed to an 
improvement of the absorption of natural oils by the fungal cells caused by emulsified systems, since 
the emulsion composition can interact with the fungal cell wall or even with the phospholipidic 
structure of the fungal cell membrane, promoting the interaction between the oil and the 
microorganism and thus improving its antifungal activity [16,21]. 
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Table 4. Minimum inhibitory concentration (MIC) of bullfrog oil and buccal bullfrog oil emulsion. 
Yeast 
MIC (mg·mL−1) 
Bullfrog Oil Buccal Bullfrog Oil Emulsion 
Candida albicans ATCC 90029 0.50 1.00 
Candida dubliniensis CBS 7987 ˗ 0.50 
Candida glabrata ATCC 2001 ˗ 1.00 
Candida parapsilosis ATCC 22019 0.25 1.00 
Candida metapsilosis ATCC 96143 0.50 0.50 
Candida orthopsilosis ATCC 96139 0.50 1.00 
Candida tropicalis ATCC 13803 0.50 1.00 
Additionally, it was possible to observe that the bullfrog oil showed MIC values ranging from 
0.25 mg·mL−1 to 0.50 mg·mL−1 against other yeast strains, while the BBE presented MIC values from 
0.50 mg·mL−1 to 1.0 mg·mL−1. These results highlight the antifungal activity of both bullfrog oil and the 
produced emulsion against different Candida species responsible for causing OC [12,55]. When 
compared to other natural oils used in the Brazilian medicine against C. albicans infections, bullfrog oil 
and the BBE were more potent than Anthemis nobilis L. (MIC 0.8 mg·mL−1), Baccharis trimera DC. (MIC 
2.0 mg·mL−1), and Mentha pulegium L. (MIC 0.74 mg·mL−1) oils [56]. 
It’s important to highlight that the MIC values of the BBE were higher than that of the pure 
bullfrog oil, data that can be explained by the depot effect of the emulsified systems [57]. This 
phenomenon is responsible for promoting a delay in the in vitro assay due to a slow release of the 
active compounds incorporated in the emulsion internal phase. Indeed, the surfactant layer in the oil 
droplets’ surface needs to be unstructured to deliver the internal phase compounds [57,58]. 
The hypothesis of delay on the in vitro antifungal activity of the emulsified systems was also 
described in the literature for copaiba essential oil and its nanostructured emulsion. In fact, the pure 
copaiba essential oil showed MIC values of 0.1083 ± 0.076 mg·mL−1 and 0.1083 ± 0.038 mg·mL−1 for the 
C. glabrata ATCC 2001 and C. glabrata 15V3C, respectively, while the nanoemulsion produced with this 
oil presented MIC values of 15.6 ± 0.0 mg·mL−1 and 0.9736 ± 0.0 mg·mL−1 for the respective yeasts [16]. 
Thus, these results demonstrated that the BBE produced can inhibit the fungal growth of different 
species of Candida, allowing us to suggest that this emulsion can be used as an alternative treatment in 
OC. 
3.5. In Vitro Biocompatibility Study 
The oral mucosa is an attractive route for drug delivery since it offers a non-invasive way for 
drug administration and becomes an alternative route when the enteral administration is 
compromised [59]. In addition, the oral mucosa exhibits a high vascularized area that facilitates the 
absorption of compounds through the jugular vein that surrounds this site [60], hence bypassing the 
hepatic first pass metabolism, leading to a possible systemic effect once the active compound is in the 
bloodstream [35,60,61]. 
Thus, the hemolytic potential of the bullfrog oil and the BBE was evaluated against human 
erythrocytes to assess the safety and biocompatibility of the produced formulation. Figure 2 shows 
that the bullfrog oil at the concentration of 1.0 mg·mL−1 was able to promote a hemolytic effect of 40 ± 
6%, probably due to its rich composition of saturated and unsaturated fatty acids that may interact 
with the phospholipids in the erythrocytes membranes. This leads to the ability that natural oils have 
in promoting cell membrane disruption and in increasing the cell membrane permeability, resulting in 
a complete hemolysis with hemoglobin release [62,63]. On the other hand, as the concentration 
decreased, the hemolytic effect was reduced significantly. Indeed, at concentrations of 0.5 mg·mL−1 and 
0.25 mg·mL−1, the bullfrog oil hemolytic effect was reduced to 25 ± 3% and 15 ± 6%, respectively, which 
suggests that the hemolytic effect was concentration dependent, showing the probable 
biocompatibility of the bullfrog oil at these concentrations.  
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Figure 2. Hemolytic potential of the bullfrog oil (BO), buccal bullfrog oil emulsion (BBE). * 
Significant statistical difference when compared to the other concentrations in its own group 
and in comparison to the same concentration of other sample groups (p <  0.05). ** Significant 
statistical difference when compared to the other concentrations in its own group (p <  0.05). 
Additionally, the BBE was able to reduce the hemolytic effect of the bullfrog oil from 40 ± 6% to 
22 ± 2% at 1.0 mg·mL−1, highlighting the ability of this system to increase the biocompatibility of the 
bullfrog oil at this concentration. Indeed, emulsified systems are widely used due to their ability to 
reduce toxic effects of drugs or natural oils, by promoting a slower release of the active compounds 
from their internal phase, avoiding an excessive amount of the delivered compound being released at 
once to promote toxicity or side effects [64,65]. Similar results were reported in the literature in which 
a submicron emulsion containing bufadienolides was able to reduce the toxicity of this compound 
[64]. Our group also demonstrated that a bullfrog oil microemulsion loaded with amphotericin B was 
able to reduce the hemolytic potential of this drug [18]. Furthermore, the BBE did not show significant 
hemolytic effect at lower concentrations (16 ± 3% and 11 ± 1% for the concentrations of 0.5 and 0.25 
mg·mL−1, respectively). The Miglyol® 812 and the BME were also tested and did not show significant 
toxic effect at all concentrations. 
Hence, these results show that the developed BBE can reduce the hemolytic effect of the bullfrog 
oil against erythrocytes, suggesting that this emulsion is biocompatible and may be used on the buccal 
mucosa even when systemic absorption occurs. 
4. Conclusions 
The results of this work showed that the buccal bullfrog oil emulsion has macroscopic and 
physicochemical characteristics (droplet size and zeta potential) compatible with stable emulsified 
systems for over 60 days. In addition, the pharmaceutical excipients used on this formulation 
provided mucoadhesive properties through its ability of interacting with the mucin, suggesting a 
buccal mucosa adherence that would allow this system not only to treat local infections, but also to be 
absorbed and enter the bloodstream. In this regard, the system showed concentration-dependent 
biocompatibility against human erythrocytes. Furthermore, the produced system inhibited the growth 
of distinct species of Candida responsible for OC. 
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6 COMENTÁRIOS, CRÍTICAS E SUGESTÕES  
 
6.1 A proposta de projeto apresentada foi executada com poucas adequações e 
alterações. A principal mudança está na caracterização físico-química do óleo de rã-
touro, onde foram adequadas as quantidades dos reagentes, mas sem qualquer 
modificação na técnica de identificação/detecção.  
6.2 O estudo demonstrou que o sistema previamente avaliado e desenvolvido 
apresenta-se como um potencial produto para ser administrado na cavidade oral, 
visto que possui adjuvantes compatíveis para tal via de administração e capacidade 
mucoadesiva, além de eficaz atividade contra o agente etiológico estudado.  
6.3 A multidisciplinaridade, buscando a interação com áreas que vão desde a 
bromatologia até microbiologia foi um dos pontos mais positivos durante o mestrado, 
pois contribuiu para o desenvolvimento e aperfeiçoamento do conhecimento e 
técnicas associadas à área de tecnologia farmacêutica e desenvolvimento de 
produtos terapêuticos.  
6.4 As metas traçadas no projeto de mestrado foram alcançadas com poucos 
ajustes. A perspectiva para as próximas metas, em relação à pesquisa iniciada, se 
refere aos estudos in vivo e desenvolvimento de metodologia de quantificação do 
óleo de rã-touro no sistema desenvolvido.  
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